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Influence of a 2- to 6- year physical education intervention on 
scholastic performance: The CHAMPS study- DK
Anna Bugge1  | Sören Möller2,3 | Jakob Tarp1  | Charles H. Hillman4 |  
Rodrigo Antunes Lima1,5  | Anne Kær Gejl1 | Heidi Klakk1,6 | Niels Wedderkopp1,7
1Centre of Research in Childhood 
Health, Institute for Sport Science and 
Clinical Biomechanics, University of 
Southern Denmark, Odense, Denmark
2OPEN—Odense Patient data Explorative 
Network, Odense University Hospital, 
Odense, Denmark
3Department of Clinical Research, University 
of Southern Denmark, Odense, Denmark
4Department of Psychology, Department of 
Health Sciences, Northeastern University, 
Boston, MA, USA
5CAPES Foundation, Ministry of Education 
of Brazil, Brasília, DF, Brazil
6University College Lillebælt, Odense, 
Denmark
7Sports Medicine Clinic, The Orthopedic 
Department, Hospital of Lillebaelt 
Middelfart, Institute of Regional Health 
Research, University of Southern Denmark, 
Odense, Denmark
Correspondence
Anna Bugge, Centre of Research in 
Childhood Health, University of Southern 
Denmark, Odense M, Denmark.
Email: anbugge@health.sdu.dk
Funding information
The TRYG Foundation; The Nordea 
Foundation; The IMK Foundation; The 
Region of Southern Denmark
The aim of this study was to investigate the influence of a school- based intervention 
with a tripling of physical education (PE) lessons from two (90 minutes) to six les-
sons per week (270 minutes) on scholastic performance. This study is part of the 
CHAMPS study- DK, a quasi- experimental study that began in 2008. The interven-
tion group consisted of six schools, and the control group consisted of four matched 
schools (mean age at baseline=8.4 years, kindergarten class fourth grade). Academic 
performance was extracted from the national test system from 2010 to 2014 (Math 
and Danish were measured at third and sixth, and second, fourth and sixth grades, 
respectively). Participants included 1888 students participating in at least one scho-
lastic performance test. Linear mixed models were applied to test for differences 
between groups and adjusted for known confounders. No significant differences 
were observed between groups in the academic performance tests (control group 
reference); Danish second grade β=−1.34 (95% CI −9.90, 7.22), fourth grade β=0.22 
(95% CI −6.12, 6.56), sixth grade β=1.03 (95% CI −5.02, 7.08), and all grades com-
bined β=0.28 (95% CI −5.74, 6.31) and Math third grade β=−2.87 (95% CI −9.65, 
3.90), sixth grade β=0.99 (95% CI −7.36, 9.34) and combined β=−1.20 (95% CI 
−8.10, 5.71). In conclusion, no significant differences were observed between inter-
vention and control schools for scholastic performance. Importantly, there were no 
negative effects of additional PE on scholastic outcomes, despite more PE and longer 
school days for intervention children.
K E Y W O R D S
academic achievement, children, physical activity, school-based intervention, youth
1 |  INTRODUCTION
A growing body of evidence demonstrates associations of 
physical activity (PA) with cognitive and brain health during 
development.1 Several reviews have summarized the evi-
dence regarding the relationship between PA, cardiorespira-
tory fitness, and scholastic performance.1-4 Virtually all have 
reported a positive relation of PA to scholastic outcomes or 
no relationship between these constructs. In the latter case, 
the findings have been interpreted to suggest that an increase 
in PA was not detrimental to scholastic performance.1,5 The 
mechanisms by which PA and cardiorespiratory fitness af-
fects scholastic performance is a growing area in several dif-
ferent research disciplines, spanning from animals models 
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, 
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of specific brain structures and functions affected by PA,6-8 
to studies of the acute and longer term benefits of PA/car-
diorespiratory fitness on child populations,9,10 and the more 
socioemotional aspects of conducting PA during the school 
day that may possibly enhance motivation and joy, which 
in turn benefit scholastic outcomes.11 The vast majority of 
these various research threads point to the beneficial effects 
of increased PA and higher cardiorespiratory fitness levels 
on cognitive function and scholastic outcomes. Despite these 
multiple benefits, there is a growing trend in many countries 
to decrease opportunities for children and adolescents to be 
physically active during the school day.12,13
Therefore, if a direct relationship between PA and scho-
lastic performance could be demonstrated, it could potentially 
impact policymakers on national and school district levels, 
regarding allocation of time devoted to PA during the school 
day. Unfortunately, to date, most scientific evidence stems 
from cross- sectional or small- scale studies, as well as from 
controlled laboratory settings, which limit generalizability to 
the school setting. School- based studies are needed to assess 
the influence of PA interventions in “real- world” settings on 
scholastic outcomes. One intervention strategy to enhance PA 
in schools is to change the amount or the content of the physi-
cal education (PE) lessons. Five previous studies have investi-
gated the effect of either increased or enhanced PE lessons on 
scholastic performance, but findings were mixed.14-18 Some of 
the PE studies demonstrated a positive intervention effect,15,16 
while other indicate mixed17,18 or null overall effects.14 Such 
lack of consensus may stem from differences in design and im-
plementation of the intervention, intervention intensity, diverse 
baseline, and other characteristics of participants and methods 
used to assess outcomes. Accordantly, there is a need for ad-
ditional school- based studies to investigate whether enhanced 
or improved PE relates to scholastic performance. Specifically, 
long- term studies over several years are especially warranted. 
The primary aim of this study was to investigate the influ-
ence of a trippling of PE lessons on scholastic performance 
of school-aged children after 2-6 years of intervention. We 
 hypothesized that the long- term school- based PE intervention 
in our study would positively influence scholastic performance 
outcomes relative to those who did not receive the intervention.
2 |  METHODS
2.1 | Study design and participants
The current investigation was part of the Childhood Health, 
Activity, and Motor Performance School Study Denmark (the 
CHAMPS study- DK). The CHAMPS study- DK is a large- 
scale, quasi- experimental study based on a natural experiment 
consisting of one municipality (Svendborg) deciding to imple-
ment a tripling of PE lessons in some of its primary schools. 
The CHAMPS study- DK is described in detail elsewhere19,20 
and only methods pertinent to this study are included here. 
Data for this study includes baseline demographic data from 
2008 (grades kindergarten class through fourth grade) and 
scholastic performance data from 2010 until 2014 (see below 
for details). Figure 1 illustrates the flowchart for this investi-
gation. All 19 schools in the municipality of Svendborg were 
invited to participate in the study. Six schools agreed to be-
come “Sports Schools” (intervention group), receiving six PE 
lessons per week. Four other schools matched on school size, 
urban/rural area, and socioeconomic status of the student body, 
agreed to serve as control schools, receiving the standard two 
PE lessons per week. All children and parents/legal guardians 
received information about the study through school meet-
ings and written information. Parents/legal guardians provided 
written informed consent. The study had an open entry, which 
meant that new participants were included throughout the 
study. Participants for this investigation include 1888 students, 
participating in at least one national test of scholastic perfor-
mance. Of these, 1045 had baseline measurements in 2008 
(see Figure 1). The CHAMPS study- DK was approved by the 
Regional scientific Ethical Committee (Region of Southern 
Denmark) (Project number: S- 20080047 and S- 20140105).
2.1.1 | PE intervention
School principals and teachers were invited to contribute to 
the design of the intervention. Therefore, the choice of im-
plementing four additional PE lessons per week was based 
on their recommendations. The four additional lessons sup-
plemented the two mandatory PE lessons resulting in six les-
sons (minimum of 4.5 hours) of PE per week divided over at 
least three sessions of at least 60 minutes. Because of the ad-
ditional PE, children in intervention schools had longer school 
days compared to control group children. Furthermore, all PE 
teachers at intervention schools were trained in specific age- 
related training principles, developed by Team Denmark, the 
Danish Elite Sport Foundation. These principles focus on chil-
dren’s physical, physiological, mental, and social develop-
ment to enhance and optimize motor skills.21 Control schools 
continued their regular PE curriculum with two PE lessons 
per week resulting in 1.5 hours/week, which at that time was 
the mandatory minimum amount of PE stipulated by law in 
Denmark.
2.2 | Measurements
2.2.1 | Anthropometrics
Body mass was measured to the nearest 0.1 kg on an elec-
tronic scale (Tanita BWB- 800S; Tanita Corporation, Tokyo, 
Japan) with children wearing shorts and T- shirts. Stature was 
measured to the nearest 0.5 cm using a portable stadiometer 
(SECA 214; Seca Corporation, Hanover, MD, USA).
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2.2.2 | Cardiorespiratory fitness
Cardiorespiratory fitness was assessed at baseline by the 
Andersen test,22 which is a 10- minute intermittent running 
test (15 seconds of running, 15 seconds of standing). The 
test has been validated against direct measures of maximum 
oxygen uptake in children of different age groups. The total 
distance in meters was used as test result.
2.2.3 | Academic achievement
Results were extracted from the Danish National Test 
System, which was implemented nationwide in 2010. The 
tests are computerized and composed in a progressive man-
ner, depending on the individual child’s performance, such 
that correct answers lead to more difficult subsequent ques-
tions, and incorrect answers lead to easier subsequent ques-
tions. The final test result is therefore based on the level of 
difficulty, not the number of correct answers. The tests are 
divided into three different domains; for Danish: language 
understanding, decoding, and text comprehension, and for 
mathematics: algebra, geometry, and basic mathematics 
skills. No aids are permitted during the tests. The tests are 
scored on a scale from 0 to 100 in each domain. For this 
study, the mean of the three domains was used for analyses.
2.2.4 | Socioeconomic status
As an indicator of parental education, the female guard-
ian’s highest completed education was obtained from a 
F I G U R E  1  The flowchart illustrates 
the total number of participants and marked 
with * in the parentheses the number of 
participants without baseline measurements 
of body weight and stature in 2008
All 19 public schools in the municipality were invited
Ten schools agreed to parcipate*
4 comparison schools
Wrien consent N = 521
6 intervenon schools
Wrien consent N = 697
Baseline measurements 
Age and sex: N = 1181, SES: N = 1026, Weight: N = 1179, Height: N = 1180
Grades KC, 1st. 2nd, 3rd, 4th: 210/238/256/236/241
Intervenon/no intervenon for 
two school years
2008
Danish 2nd grade: N = 361 (*N = 142)
Danish 4th grade: N = 349 (*N = 136)
Math 3rd grade: N = 316 (*N = 120)
2010
Intervenon/no intervenon for 
three school years
Danish 2nd grade: N = 343 (*N = 152)
Danish 4th grade: N = 386 (*N = 151)
Danish 6th grade: N = 315 (*N = 149)
Math 3rd grade: N = 373 (*N = 157)
Math 6th grade: N = 321 (*N = 152)
Intervenon/no intervenon for 
four school years
2011
Danish 4th grade: N = 366 (*N = 158)
Danish 6th grade: N = 387 (*N = 172)
Math 3rd grade: N = 348 (*N = 159)
Math 6th grade: N = 385 (*N = 172)
2012
Intervenon/no intervenon for 
five school years
Danish 4th grade: N = 330 (*N = 149)
Danish 6th grade: N = 379 (*N = 155)
Math 6th grade: N = 383 (*N = 157)
Intervenon/no intervenon for 
six school years
2013
2014 Danish 6
th grade: N = 345 (*N = 148)
Math 6th grade: N = 343 (*N = 146)
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questionnaire.23 The most recent questionnaire completed 
for each child was used to account for parents still pursuing 
educational opportunities during the study period. Categories 
were completion of: (a) 10th grade or less, (b) vocational 
education, (c) high school education, (d) short tertiary educa-
tion, (e) bachelor’s degree or equivalent, (f) master’s degree 
or higher.
2.3 | Statistical analysis
Differences in baseline values of sex, age, parental educa-
tion, body mass, and stature between participants in the in-
tervention and control schools, and between boys and girls, 
were analyzed using linear regression with adjustment for 
grade for continuous variables and with chi- square tests for 
categorical variables. To test for differences between school 
types (intervention/control schools), linear mixed models 
were applied with each academic test as outcomes and the 
dichotomized school type as exposure. The models were ad-
justed with fixed effects for sex, parental education, and age 
of the student at the date of the specific test. Furthermore, ran-
dom effects for school and class were included to accommo-
date the clustering of students within these units. A possible 
interaction between sex and intervention was investigated. 
Each of the five tests of scholastic performance (three Danish 
and two Mathematics) was analyzed separately. Further, two 
separate composite analyses were carried out for all Danish 
and for both Math tests. In analyses of the composite scores, 
a random effect for the individual child was included in the 
models, which were further adjusted for grade level.
In secondary analyses, the model was adjusted for the 
number of intervention years. This was applied to account 
for possible differentiation of intervention effects owing to 
differences in the length of intervention time (eg, 2- 6 years 
of intervention).
Residuals were checked for normality across all analyses 
and the intraclass correlation coefficients were calculated 
for all random effects. Finally, drop- out and drop- in analy-
ses were performed. Logistic regression analyses were per-
formed to investigate if non- participation in the scholastic 
performance tests among children in the baseline sample 
was associated with age at baseline, gender, or parental 
education. To describe drop- in linear mixed models were 
used to investigate if scholastic performance differed be-
tween children in the baseline sample and children included 
in the study later, adjusting for age at test, gender, parental 
education, and school type. Furthermore, as a sensitivity 
analysis, linear mixed models were applied to investigate 
if scholastic performance of children who had no informa-
tion on maternal education (and hence were excluded in the 
main analysis) differed from children with this information 
(Appendix 1). All analyses were carried out in Stata/SE 
14.1 (StataCorp LLC, Texas, USA).
3 |  RESULTS
Table 1 presents baseline characteristics for participants in-
cluded in the study in 2008.
No significant differences were observed between par-
ticipants from the two school types (intervention/control) at 
baseline (P’s>.05). Boys were older, taller, and had a higher 
cardiorespiratory fitness compared to girls (P<.001). No 
other differences were observed between the sexes (P’s>.05).
3.1 | Differences between intervention and 
control schools
Table 2 shows the results from the Danish tests in second, 
fourth, and sixth grade and for all Danish tests combined. No 
significant differences were observed between intervention 
and control groups for any of the Danish tests. Adding the 
number of years of intervention/no intervention to the model 
did not alter the findings. Females had significantly better 
results compared to males in sixth grade and in all Danish 
tests combined. No interaction between sex and school type 
(intervention/control) was found and the interaction term was 
not included in the final model.
Table 3 shows the results from the Mathematics tests in 
third and sixth grade and both tests combined. No significant 
differences were observed between intervention and control 
groups for any of the Mathematic tests. Adding the number 
of years of intervention/no intervention to the model did not 
change these findings. Males had significantly better results 
compared to females in both third and sixth grades and in 
both tests combined. No interaction between sex and school 
type (intervention/control) was found, and the interaction 
term was not included in the final model.
Results on differences between drop- out and drop- in par-
ticipants, and results on the sensitivity analyses can be seen 
in Appendix 1. Generally, age and mother’s education were 
associated to drop- out, whereas drop- in was generally not as-
sociated to scholastic performance.
4 |  DISCUSSION
This is the first Danish long- term school- based intervention 
study investigating the influence of increased PE on scho-
lastic performance. Scholastic performance was not affected 
following a PE intervention relative to a control condition 
after 2- 6 years, which is counter to our central hypothesis. 
However, the intervention also did not relate negatively to 
scholastic outcomes, indicating that additional time spent in 
PE does not detract from scholastic performance. Previous re-
ports from this study have found positive intervention effects 
on body composition and certain metabolic risk factors.19,24 
Further, children in the intervention group had higher PA 
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levels during school hours, but not outside of school; thus, 
overall PA level did not differ between the two groups.25 
Given these earlier reports, there are reasons to believe that 
the intervention was delivered as intended and had efficacy 
for improving health outcomes. Therefore, the lack of posi-
tive intervention effects on scholastic performance was prob-
ably not due to poor fidelity with the intervention.
4.1 | Comparison with other school- based 
intervention studies
There are several other plausible explanations for the lack 
of positive intervention effects on scholastic performance in 
this study. First, the intervention did not result in changes in 
the overall PA level25 or cardiorespiratory fitness.19 Changes 
in overall PA and fitness could be one important factor nec-
essary for PE interventions to be successful in influencing 
scholastic performance. This view is supported by results 
from both cross- sectional, longitudinal observational studies, 
and from controlled laboratory experiments (see ref. 1,3, for 
review). Accordingly, several previous PE intervention stud-
ies reported positive effects on both scholastic performance 
and in PA and/or cardiorespiratory fitness following their PE 
intervention16,17 (PA/fitness reported in ref. 26,27). Other 
studies have not included PA or fitness in their reporting.15,18 
Coe et al.14 did not find an effect of their PE intervention on 
scholastic performance, but did observe greater academic test 
scores for children achieving the recommended goal for vig-
orous PA compared to children not achieving this goal.14 The 
current intervention was a combination of both an increase in 
the number of, and a focus on, quality in PE. Previous stud-
ies have focused on either increasing the number of PE les-
sons,14-16 or improving the content of, or the teaching in, PE 
lessons.17,18 Evidence is still too sparse to conclude whether 
enhancing or improving PE lessons or a combination of the 
two are most effective for enhancing scholastic performance. 
However, there are reasons to believe that PE interventions 
should be intensive enough to engender an increase in over-
all PA or cardiorespiratory fitness level to affect scholastic 
performance.
Second, the current intervention was not designed specifi-
cally to affect scholastic performance, but had the overall aim 
of improving physical health of the participating children.20 
Conjecture suggests that other interventions, for example, 
applying PA integrated into academic subjects might affect 
scholastic performance even without making substantial 
changes to PA or fitness levels. School- based interventions 
with this focus have shown promising results,28,29 but more 
T A B L E  1  Baseline characteristics of participants by group allocation and sex. Values are mean and SD unless otherwise stated
Intervention schools Control schools P- values for 
difference between 
school types at 
baseline
P- values for 
difference 
between sexes 
at baseline
Boys 
N=306
Girls 
N=374
Boys 
N=246
Girls 
N=255
Age (years) 8.40 (1.42) 8.29 (1.42) 8.51 (1.45) 8.37 (1.48) .795 <.001
Body weight in kg 29.41 (6.87) 28.82 (6.21) 29.75 (6.76) 29.42 (7.60) .539 .133
Stature in cm 133.61 (9.75) 131.50 (9.50) 133.64 (10.29) 131.93 (9.94) .396 <.001
Aerobic fitness in meters 921.94 (114.41) 868.89 (90.04) 926.64 (108.58) 852.75 (100.11) .298 <.001
Parental educationa, n (percent reporting in each category)
Tenth grade or less 18 (6%) 18 (5%) 6 (2%) 10 (4%) .111 .743
Vocational education 82 (27%) 110 (29%) 66 (27%) 63 (25%)
High school education 51 (17%) 56 (15%) 40 (16%) 30 (12%)
Short tertiary education 8 (3%) 20 (5%) 6 (31%) 3 (1%)
Bachelor or equivalent 88 (29%) 95 (25%) 77 (31%) 76 (30%)
Master degree or higher 
education
19 (6%) 19 (5%) 12 (5%) 15 (6%)
Missing 40 (13%) 56 (15%) 39 (16%) 58 (23%)
Grade, n (%)
KC 55 (18%) 70 (19%) 40 (16%) 45 (18%) .808 .193
First 64 (21%) 77 (28%) 41 (17%) 56 (22%)
Second 69 (23%) 78 (21%) 68 (28%) 41 (16%)
Third 59 (19%) 77 (21%) 47 (19%) 53 (21%)
Fourth 59 (19%) 72 (19%) 50 (20%) 60 (24%)
KC, Kindergarten class.
aMaternal or female guardians highest completed education was used as the parental education indicator.
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studies are needed to advance our understanding in this area. 
Further, it might be speculated that combining different strat-
egies to enhance PA in schools could have beneficial effects 
on scholastic performance. However, most studies using 
a multicomponent approach to increase PA during school 
hours did not find an effect on scholastic performance.30-32 
T A B L E  2  Danish results (mean of three domains; language understanding, decoding and text comprehension). β- values and 95% CI
2nd grade 4th grade 6th grade Combineda
N 485 996 939 2420b
School type (control schools 
reference)
−1.34 (−9.90, 7.22) 0.22 (−6.12, 6.56) 1.03 (−5.02, 7.08) 0.28 (−5.74, 6.31)
Sex: (female is reference) −1.15 (−5.34, 3.05) −2.33 (−5.33, 0.67) −3.19* (−6.09, −0.30) −2.94* (−5.40, −0.48)
Test age (years) 0.34 (−5.58, 6.25) −0.57 (−4.81, 3.66) −1.59 (−5.76, 2.57) 1.96 (−1.20, 5.13)
SESc
Tenth grade or less −4.03 (−15.57, 7.52) −8.30* (−15.79, −0.81) −5.89 (−13.08, 1.29) −6.57* (−12.70, −0.43)
Vocational education (Reference) (Reference) (Reference) (Reference)
High school education 6.94 (−1.04, 14.93) 5.90* (0.81, 11.00) 6.40** (1.83, 10.97) 6.26 ** (2.13, 10.40)
Short tertiary education 6.99 (−0.46, 14.43) 4.25 (−.1.48, 9.97) 7.97** (2.08, 13.86) 6.57** (1.71, 11.44)
Bachelor or equivalent 8.39*** (3.44, 13.34) 10.52*** (6.98, 14.05) 10.55*** (7.08, 14.02) 10.31*** (7.37, 13.25)
Master degree or higher 
education
13.54** (4.98, 22.09) 19.27*** (13.20, 25.35) 22.44*** (16.74, 28.15) 18.57*** (13.63, 23.51)
ICC: School 0.06 (0.02,0.23) 0.03* (0.01, 0.11) 0.03* (0.01, 0.11) 0.04*** (0.01, 0.10)
ICC: Class 0.11 (0.05, 0.23) 0.09*** (0.05, 0.16) 0.08** (0.04, 0.15) 0.08*** (0.04, 0.14)
ICC: Individual 0.73*** (0.70, 0.75)
ICC, intraclass correlation coefficients (95% CI).
Mixed effects models adjusted for sex, age, and parental education and taking into account the clustering on school and class.
aFor all years combined also clustered on individual IDs. These analyses are further adjusted for grade.
bNote this is the number of observations, not the number of subjects included.
cMaternal or female guardians highest completed education was used as the socioeconomic status indicator.
*P<.05, ** P<.01, *** P<=.001.
T A B L E  3  Mathematics results (mean of three domains; algebra, geometry and basic mathematics skills). β- values and 95% CI
3rd grade 6th grade Combineda
N 712 940 1652b
School type (control schools reference) −2.87 (−9.65, 3.90) 0.99 (−7.36, 9.34) −1.20 (−8.10, 5.71)
Sex (females reference) 4.71** (1.28, 8.15) 3.43* (0.52, 6.34) 4.27*** (1.80, 6.74)
Test age (years) −0.47 (−5.25, 4.31) −1.55 (−5.73, 2.62) −1.00 (−4.41, 2.40)
SESc
10th grade or less −5.13 (−14.44, 4.17) −6.39 (−13.89, 0.81) −6.11 (−12.35, 0.13)
Vocational education (Reference) (Reference) (Reference)
High school education 2.61 (−3.56, 8.79) 4.15 (−0.48, 8.77) 2.99 (−1.15, 7.13)
Short tertiary education 3.50 (−2.72, 9.71) 6.49* (0.54, 12.43) 5.20* (0.33, 10.06)
Bachelor or equivalent 6.85*** (2.86, 10.83) 8.59*** (5.11, 12.07) 7.47*** (4.55, 10.40)
Master degree or higher education 16.36*** (9.50, 23.21) 16.31*** (10.61, 22.00) 14.95*** (10.03, 19.87)
ICC: School 0.03 (0.004, 0.18) 0.07*** (0.03, 0.18) 0.05*** (0.02, 0.14)
ICC: Class 0.12*** (0.07, 0.21) 0.14*** (0.08, 0.24) 0.11*** (0.06, 0.18)
ICC: Individual 0.54*** (0.48, 0.61)
ICC, intraclass correlation coefficients (95% CI).
Mixed effects models adjusted for sex, age, and parental education and clustered on school and class.
aFor all years combined also clustered on individual IDs. These analyses are further adjusted for grade.
bNote this is the number of observations, not the number of subjects included.
cMaternal or female guardians highest completed education was used as the socioeconomic status indicator.
*P<.05, **P<.01, ***P<=.001.
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Importantly, the multicomponent studies reporting on PA and 
fitness have not demonstrated a positive intervention effect 
on these outcomes.31,32 One multicomponent study found 
positive intervention effects on math, but not reading, but PA 
or fitness levels were not reported.33 It is therefore not known 
whether the positive effect on scholastic performance was 
caused by changes in these outcomes.
In the multicomponent intervention by Resaland et al.31 
the intervention significantly affected numeracy in children 
in the lowest tertile at baseline. The authors suggested that 
this finding could be caused by the intervention element con-
sisting of integrating PA in the academic lessons.31 Future 
studies should verify this result by investigating how diverse 
intervention strategies might have differential effects on chil-
dren differing in academic level, and also in other charac-
teristics, for example, parental education, body composition, 
metabolic, and mental health. Finally, the extra PE lessons 
in our study were added to the normal curriculum and re-
sulted in longer school days for the intervention group. This 
could potentially have led to cognitive fatigue, thereby having 
a negative effect on learning.34 However, no such negative 
results were observed.
Collectively, results from the present study corroborate 
much of the existing literature to suggest that highly diverse 
results exist for the effect of school- based PA interventions on 
scholastic performance. Despite the diverse outcomes in the lit-
erature, existing evidence suggests that enhancing PA in school 
does not come at the cost of scholastic performance, which sup-
ports the conclusion in the most recent reviews in this field.1,5
4.2 | Strengths and limitations
The strengths of the study include the large sample size, the 
length of the intervention period (from 2- 6 years), and the 
inclusion of national standardized test results as a measure 
of academic performance. However, several limitations are 
noted. Although schools were matched based on size, geo-
graphic placement, and socioeconomic status of the student 
body,20 the lack of randomization infers that conclusions of a 
causal nature are inappropriate. Regardless, our conclusions 
do not differ substantially from other studies using proper 
randomization.31,32
Another limitation is the lack of a baseline measure of 
scholastic performance, which eliminated the possibility to 
conduct subgroup analyses based on this variable. This mea-
sure was not possible to obtain because the Danish National 
Test System was not implemented nationwide until 2010. To 
remedy this issue, we examined whether there were substan-
tial differences between intervention and control schools be-
fore the intervention was initiated. There were no significant 
differences between the two school types in average grade 
level of the final examinations in Danish and Mathematics 
in ninth graders between 2006 and 2008 (data not reported). 
However, since this analysis was performed at the school 
level, it can only be considered a crude marker of equity. 
Also, it would be of interest to follow the children after sixth 
grade, as a PE intervention like the one in our study might 
affect older age groups differently. Furthermore, we did 
not collect information on learning difficulties among par-
ticipants, which could have improved our understanding of 
potential differences among groups. Lastly, assessments of 
the quality in the PE lessons during the 6- year intervention 
were not collected, which could have highlighted the extent 
to which the concepts of “age- related training” were met.
5 |  CONCLUSION AND  
PERSPECTIVE
In summary, the findings demonstrated that scholastic out-
comes were unaffected by a 2- to 6- year PE intervention in 
the CHAMPS study- DK. There are, however, many known 
benefits of PA for children’s health and development. 
Previous reports from this study have demonstrated an effect 
on body composition and metabolic health. However, more 
research is needed to identify the optimal design and intensity 
of school- based interventions that simultaneously improve 
scholastic performance while achieving overall health ben-
efits. It is possible that school- based PA interventions should 
either be intensive enough to induce improvements in overall 
PA or fitness level or use approaches to increase PA more 
closely related to the academic content (eg, integrating PA in 
the learning subjects).
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APPENDIX 1
Drop- out and drop- in analyses
Age at baseline was negatively associated with drop- out be-
fore tests of Danish in second grade (OR=0.42 P=.028) and 
positively associated with drop- out before Danish test in sixth 
grade (OR=1.37 P<.001), as well as Mathematics in third 
and sixth grade (OR=1.49 P=.006 and OR=1.36 P<.001, re-
spectively). Males were more likely to drop- out for Danish in 
fourth grade (OR=1.70 P=.039), but not for the other tests. 
For Danish in second and fourth grade and Mathematics 
in third grade “mother’s education of tenth grade or less” 
was positively associated with drop- out (OR=4.80 P=.028; 
OR=2.85 P=.017, respectively, OR=3.16 P=.014), while the 
other categories of mother’s education were not significantly 
associated with drop- out compared to vocational education. 
In the drop- in analysis, no differences in scholastic perfor-
mance between children included at baseline and children 
included later were found, apart from slightly higher points 
(β=3.85 (95% CI: (0.16, 7.54) P=.041) in mathematics in 
sixth grade for children included at baseline. In the sensitiv-
ity analysis, a positive association between availability of the 
maternal/female guardian’s education and academic perfor-
mance was found, so that participants presenting this vari-
able had better scores compared to participants without this 
variable. This was nonsignificant for Danish second grade 
(β=3.04 P=.227), but significant for Danish in fourth and 
sixth grade (β=4.80 P=.009 and β=4.08 P=.022, respec-
tively) and Mathematics in third and sixth grade (β=7.37 
P<.001 and β=7.03 P<.001, respectively).
